We have measured the growth of liquid films of Ar and Kr adsorbed on a geometrically structured substrate obtained by machining on a lathe a thin Al disk with a sharp cutting tool. Near liquidvapor bulk coexistence, the film mass is found to diverge as a power law of the chemical potential difference from saturation with an exponent xϭϪ1. 93Ϯ0.10, in very The geometry of the substrate has a strong influence on the wetting behavior of an adsorbed film. In particular, numerous studies have investigated the adsorption on rough surfaces because of their relevance in real situations.
The geometry of the substrate has a strong influence on the wetting behavior of an adsorbed film. In particular, numerous studies have investigated the adsorption on rough surfaces because of their relevance in real situations. 1 More recently, increasing research efforts, mostly theoretical, have been devoted to patterned substrates given their potentially relevant applications in as diverse fields as microfluidics and biophysics. 2 Here we are interested in geometrically structured surfaces consisting of arrays of microscopic linear wedges. Wetting on an oblique corner was first studied as a simplified example of the geometry of a porous medium 3 and then because of its strong influence on the growth of an adsorbed liquid film. 4, 5 For instance, it is predicted that continuous filling transitions can occur in three-dimensional ͑3D͒ wedge geometries made from substrates exhibiting first-order wetting transitions. 6 If instead the surfaces forming the corner are completely wet at coexistence, general scaling analysis arguments, supported by numerical and effective interfacial model calculations, predict geometry dependent critical exponents for the wetting film. 7 In particular, the film height l 0 measured from the center of a linear wedge diverges as l 0 ϳ(Ϫ␦) Ϫ1 , independent of the dimensionality of the wedge. 4, 5, 7 Here Ϫ␦ϵ 0 Ϫ represents the deviation of the chemical potential of the bulk vapor in equilibrium with the film from its saturation value 0 . Furthermore, the mass m l of a liquid adsorbed in a linear 3D wedge is expected to grow as m l ϳ(Ϫ␦) Ϫ2 . 7 This behavior sharply contrasts with that observed on a flat surface where l 0 ϳm l ϳ(Ϫ␦) Ϫ1/3 . Finally, on a linear wedge a crossover between these two characteristic growth behaviors is predicted to occur at a precise value of Ϫ␦. 8 We have successfully tested the prediction by Rascón and Parry of a film growth diverging as (Ϫ␦)
Ϫ2 with a torsional disk oscillator, similar to that we already used in previous studies. 9 With such a technique we have measured the mass of liquid films of Ar and Kr adsorbed on the disk surface. We have employed an aluminum disk whose surface has been machined on a lathe by using a sharp cutting tool. This process is likely to produce concentric microscopic grooves on the surface as evinced by the AFM scans shown in Fig. 1 . In particular, it shows an AFM image of a portion 70ϫ140 m of the disk surface. It is characterized by a series of parallel albeit irregular linear grooves. The microscopic structure can be more clearly seen in the profile scans ͑a͒-͑d͒ measured along the indicated paths. The scans ͑a͒ and ͑b͒ orthogonal to the wedges indicate deep triangular valleys as big as 0.5 m with a periodicity comprised between 20 and 30 m. Instead, the scans ͑c͒ and ͑d͒ determined along the wedge bottom show a rough profile with a rms value of less than 0.1 m.
Here we present the results obtained with only this geometrically structured surface. In a forthcoming publication we discuss the data relative to four different disks made out of aluminum and brass machined in different ways. 10 These data are compared with those measured on a ''flat'' quartz disk mounted on the same oscillator used with the aluminum substrate. The AFM analysis of the quartz surface is shown in Fig. 2 . The 80ϫ80 m image clearly displays a very smooth surface with no particular microscopic structure as also seen by the profile scans measured along arbitrary, orthogonal paths. The resulting average roughness is of the order of 0.001 m.
The small aluminum disk ͑diameter 2 cm and thickness 0.25 mm͒ is attached to a stainless steel rod and is driven to its torsional resonant frequency:
where K is the elastic constant and I the total moment of inertia. A schematic drawing of the torsional disk oscillator used in our measurements is shown in the inset of Fig. 3 . As the disk is exposed to a gas of density and viscosity , the resonance frequency changes because of a variation of the moment of inertia. If I 0 and 0 indicate the moment of inertia and the resonance frequency in vacuum, the change ⌬I of the moment of inertia in the presence of a gas will be given, from Eq. ͑1͒, by
where the linearization is justified by the small relative frequency change during the measurements ͑typically much less than 0.1%͒. The relative increase ⌬I/I 0 is caused by the mass of the adsorbed film and by the hydrodynamic contribution due to 
͑3͒
where C is a geometric factor independent of temperature. We have determined C by measuring vapor pressure adsorption isotherms of Ar and Kr at room temperature, where the only contribution to the frequency is due to the viscous coupling to the vapor. Its value agrees well ͑within 10%͒ with that estimated theoretically. If we make the reasonable assumption that, in equilibrium conditions, an homogeneous film covers the substrate, then ⌬I film /I 0 is proportional to the film mass m l . Therefore, apart a multiplicative factor,
where * represents the vapor corrected oscillator frequency.
The torsional mode is excited by means of a small piezoelectric crystal acting onto the extremity of a stainless steel arm hard soldered to the torsion rod ͑see Fig. 3͒ . The oscillations are detected by a similar piezo mounted in a symmetric way with respect to the other one. The induced voltage is amplified by a low noise homemade amplifier and a lock-in technique locks the electronic circuit onto the resonant frequency of the microbalance.
The spectrum of the mechanical resonances of this oscillator is very clean. The torsional mode has a frequency of about 1100 Hz and a quality factor QϷ30 000 at room temperature and in vacuum. There is another resonance at a lower frequency and with a lower Q. Apart from these two, no other mode could be detected up to a frequency р10 KHz with the same excitation signal of 2 V. We have studied the response of these two peaks as a function of vapor pressure and by using another disk with the same mass but different momentum of inertia of the aluminum one. As a result, the low frequency mode was identified as a flap mode and the higher one as a genuine torsional mode.
The torsional oscillator is soldered onto a heavy brass disk, 3 cm in diameter, which acts as a low-pass mechanical filter. The microbalance is mounted inside a double wall OFHC copper cell to reduce thermal gradients. 9 The platinum thermometer is glued to the inner cell while the heater is wrapped around the outer cell. The maximum temperature difference between the top and bottom parts inside the inner copper cell is estimated to be less than a few K. The temperature stability is better than 1 mK. The whole sample cell setup is housed in the vacuum space of a homemade bath cryostat. It is held in place by three springs which also provide a weak thermal link to the flange of the cryostat kept at liquid nitrogen temperature. Figure 3 shows the vapor corrected frequency shifts measured at constant temperatures as a function of the relative pressure P/ P sat of the gas in equilibrium with the film from vacuum up to saturation conditions. No hysteresis has been observed when dosing gas out of the sample cell. These isotherms refer to two liquid adsorbates, Ar and Kr, and two substrates with different surface morphologies: the geometrically structured aluminum disk and the flat quartz disk. To facilitate the comparison, the vertical shifts for the two gases have been normalized to their respective atomic weights ͑aw͒. As expected, the scaled data taken with the aluminum disk overlap nicely over the entire pressure range. Their saturated value is larger than that measured with the quartz disk, reflecting a bigger exposed surface area. We have estimated the film thickness from the vapor corrected frequency shifts through Eq. ͑2͒, taking into account the corresponding bulk liquid density. The moment of inertia I 0 of the disk is calculated from its mass and radius. In this way, we have found a value of about 140 nm on the quartz disk. On the structured Al disk, we can only get a crude estimate given the large uncertainty on the exposed surface area. As a working hypothesis, we have first assumed a regular pattern of linear wedges having a width wϭ20 m and a depth lϭ0.5 m. It is then easy to show that the geometric area of the patterned disk, A p , is ͱ1ϩ(2l/w) 2 Ϸ1.001 times larger than that of a flat disk having the same diameter. In other words, the surface area is not affected by the corrugation we have assumed. We point out that this number may likely be an underestimate of the true area, because in our model we have not taken into account the small scale irregularities present in the AFM scans. We can then calculate the average thickness of a uniform liquid film covering a flat surface having an area equal to A p . The result is d 0 Ϸ400 nm both for Ar and Kr. It is a matter of course that d 0 can only give a rough indication of the true film profile, because the value above the bottom of a wedge will be larger than that along the wedge border. We conclude this analysis by noting that the estimated d 0 is comparable with the characteristic wedge depth of about 0.5 m determined from the AFM analysis.
There is however another, more striking difference between the film growth on the two surfaces close to liquidvapor bulk coexistence. To quantify it, in Fig. 4 , we have plotted the logarithm of the vapor corrected frequency shifts close to saturation as a function of log ln(P sat / P), because for the chemical potential difference from saturation we have used the ideal gas formula, that is Ϫ␦ϭK B T ln(P sat / P). More precisely, the aluminum data points span a relative pressure range comprised from 0.984 to 0.995, while the quartz data are comprised in the interval 0.9924 to 0.9995. The reason why the data points on the patterned aluminum surface are fewer and further away from liquid-vapor coexistence as compared with those on the quartz disk is simply due to the much longer equilibration times, probably a consequence of the larger and more tortuous surface geometry of the Al disk. The horizontal error bars are related to the finite resolution in the measurement of the vapor pressure. We have used a capacitance pressure gauge attached to a room temperature gas system and got P sat ϭ591.0Ϯ0.2 Torr and P sat ϭ641.4Ϯ0.2 Torr for Ar and Kr, respectively. The solid lines represent the results of the linear fits to these extremities. The slopes of these lines are comprised between xϭ Ϫ1.85 and xϭϪ1.99 for Ar and between xϭϪ1.84 and x ϭϪ1.95 for Kr. We have also analyzed these data taking into account the virial correction to Ϫ␦ without finding any appreciable difference in the calculated exponents. These results are in good agreement with the value of Ϫ2 predicted from recent scaling arguments by Rascón and Parry for a linear wedge. 7 According to this theory, the exponent xϭ Ϫ2 for the adsorption is independent of the wedge angle so that an array of irregular wedges with different angles and heights like that we have investigated should still give the same exponent. The wedge angle and height do however affect the location of the crossover from the wedge growth to that typical of a flat surface. This fact may explain why we have not observed such a crossover in the measured isotherms. Another possible reason may be related to the very wide and shallow wedges of the Al substrate that determine a location extremely close to the saturation value, 8 beyond our pressure resolution.
The behavior observed with the Al disk is quite different from that we have measured with the quartz disk attached to the same torsional oscillator, indicating that the former is not an artifact of our technique. In fact, the linear fits to the extremities points of the quartz data yield an exponent x comprised between Ϫ0.27 and Ϫ0.37, somewhat compatible with the value of Ϫ1/4 expected for a retarded thick film adsorbed on a flat substrate. 12 It is also diverse from that observed on rough, evaporated metal surfaces, which display growth exponents usually comprised from Ϫ1/3 and Ϫ0.15. 1, 13 It is a pleasure to acknowledge stimulating and clarifying discussions with Andrew Parry and Attilio Stella. The authors would like to particularly thank Giacomo Torzo for the AFM analysis and Giuseppe Mistura for the quartz disk working.
